J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 325 858 B1 



EUROPEAN PATENT SPECIFICATION 



© Date of publication of patent specification: 16.09.92 © int. CI. 5 : F02M 59/46, F02M 55/02 
© Application number: 88312002.4 
@ Date of filing: 19.12.88 



© Pressure control valve. 



00 
00 

in 

00 

Ift 

CM 
CO 



® Priority: 16.01.88 GB 8800956 
21.07.88 GB 8817466 

@ Date of publication of application: 
02.08.89 Bulletin 89/31 

© Publication of the grant of the patent: 
16.09.92 Bulletin 92/38 

© Designated Contracting States: 
DE ES FR GB IT 

© References cited: 
DE-A- 2 302 887 
FR-A- 2 205 630 
GB-A- 1 153 580 
GB-A- 1 511 122 



@ Proprietor: LUCAS INDUSTRIES PUBLIC LIMIT- 
ED COMPANY 
Brueton House, New Road 
Solihull, West Midlands B91 3TX(GB) 

@ Inventor: Neale, Antony John 
62 Winston Road Stroud 
Rochester Kent ME2 2S(GB) 



© Representative: Thompson, George Michael et 
al 

MARKS & CLERK Alpha Tower Suffolk Street 
Queensway 

Birmingham B1 1TT(GB) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 



1 



EP 0 325 858 B1 



2 



Description 

This invention relates to a residual pressure 
control valve for incorporation in the high pressure 
fuel conduit extending between the pumping cham- 
ber of a high pressure fuel injection pump and an 
injection nozzle of a compression ignition engine, 
the nozzle incorporarting a spring loaded fuel pres- 
sure actuated valve member. 

British Patent Specification 1511122 describes 
various forms of such a valve and the valve shown 
in Figure 8 comprises a hollow valve element 
which is biased into contact with an annular seating 
in one end wall of a cylinder by means of a coiled 
compression spring. Slidable within the valve ele- 
ment is a piston which extends from the valve 
element and is provided with a head. The head 
serves as an abutment for the spring and in the 
rest position of the valve with no pressure within 
the system, the head is engaged with the other end 
wall of the cylinder. The seating surrounds a port 
connected to the pumping chamber of the injection 
pump and the cylinder communicates with the inlet 
of the nozzle. In operation when fuel under pres- 
sure is delivered from the pumping chamber the 
valve element is lifted from the seating to allow fuel 
flow to the nozzle. When the flow of fuel from the 
pumping chamber ceases the valve element re- 
turns to its seating under the action of the spring 
and the valve of the nozzle closes. Some relief of 
the pressure in the conduit connecting the nozzle 
and the control valve will occur before the valve 
element closes and the pressure in the conduit will 
be further relieved by movement of the piston 
against the action of the spring. As the injection 
pressure is increased the stroke of the plunger will 
have to be increased in order to achieve a stable 
given residual pressure in the conduit. Increasing 
the stroke of the plunger besides requiring an 
increase in the volume of the cylinder which in 
itself is disadvantageous, also presents problems 
so far as the design of the spring is concerned. 

DE-A-2302887 discloses a residual pressure 
control valve in which the valve element which is 
opened against the action of a spring to allow fuel 
flow from the injection pump to an injection nozzle, 
mounts a relief valve which opens to allow excess 
pressure upstream of the control valve to return to 
the injection pump. 

FR-A-2205630 shows a residual pressure con- 
trol valve having a valve member biased to the 
closed position by a spring and movable against 
the action of the spring to lift the valve member 
from a seating when the pumping plunger of the 
associated pump displaces fuel. The valve member 
carries a back pressure relief valve which is biased 
by a further spring into engagement with a seating 
defined on the valve member, the further spring 



being interposed between the relief valve and a 
body part of the control valve. The relief valve 
opens following delivery of fuel to depressurise the 
conduit connecting the control valve with the injec- 

5 tion nozzle. 

The object of the invention is to provide a 
residual pressure control valve for the pumping 
system in a simple and convenient form. 

According to the invention a residual pressure 

w control valve for incorporation in the high pressure 
fuel conduit extending between the pumping cham- 
ber of a high pressure fuel injection pump and a 
fuel injection nozzle, the latter incorporating a 
spring loaded fuel pressure actuated valve member 

w comprises a cylinder having one end wall defining 
a seating surface about a port connected to the 
pump, an outlet from said cylinder connected in 
use to said nozzle, an annular valve element mov- 
able in the cylinder, a spring biasing the valve 

20 element into contact with the seating surface, a 
piston slidable in a bore defined in the valve ele- 
ment, said piston being resiliently biased away 
from said one end of the cylinder, the end of the 
piston remote from the one end wall being exposed 

25 to the pressure in the outlet from said cylinder, 
valve means defined by said valve element and 
said piston, said valve means being operable to 
connect said port with said outlet after a predeter- 
mined movement of the piston relative to the valve 

30 element against the action of its resilient loading 
and a stop to limit the movement of the piston 
under the action of its resilient loading charac- 
terised in that said stop is defined by the end wall 
of the cylinder opposite to said one end wall or by 

35 a part located against said end wall, and said 
piston is independently movable with respect to 
said valve element to control the residual pressure 
in said outlet following closure of the valve element 
onto the seating surface. 

40 An example of a pressure control valve in 

accordance with the invention will now be de- 
scribed with reference to the accompanying draw- 
ings in which:- 

Figure 1 is part sectional side elevation of the 

45 valve shown in the rest position and also illus- 
trating the connection of the valve to the pump- 
ing chamber of an injection pump and to an 
injection nozzle, 

Figure 2 shows the valve in the equilibrium 
so position, and 

Figures 3 and 4 are similar to figures 1 and 2 
respectively but show a modified construction. 
Referring to the drawings the residual pressure 
control valve generally indicated at 10, is con- 
55 nected between the pumping chamber of an injec- 
tion pump 11 and a fuel injection nozzle 12 the 
valve in the particular instance being located in the 
body of the injection pump and being connected to 
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the injection nozzle by way of a conduit 13. 

The valve 10 comprises a cylinder 14 one end 
wall of which defines an annular seating 15 about a 
port 16 connected to the pumping chamber of the 
injection pump. Slidable within the cylinder is an 
annular valve element 17 one end of which is 
shaped for co-operation with the seating. The valve 
element defines a step for engagement by a coiled 
compression spring 18, the spring acting to urge 
the valve element into contact with the seating. 

Slidable within the valve element is a piston 19 
having a head 20 which defines a flange for en- 
gagement by the spring 18. The head has a domed 
end engageable with the other end wall of the 
cylinder opposite to that in which the port 16 is 
formed. 

The conduit 13 is connected to a port formed 
in the side wall of the cylinder and in operation 
when fuel under pressure is delivered from the 
pumping chamber of the injection pump the valve 
element 17 is lifted from its seating to permit fuel 
flow through the conduit 13 to the injection nozzle, 
the spring 18 being compressed. When the deliv- 
ery of fuel by the injection pump ceases the valve 
element returns under the action of the spring 18 
into contact with the seating 15 and before such 
sealing contact is established, a small quantity of 
fuel will return from the conduit 13 to the pumping 
chamber of the injection pump. When the valve 
element is in contact with the seating the pressure 
in the cylinder 14 which is equal to that in the 
conduit 13, acts upon the piston to move the piston 
downwardly and the piston will assume a position 
with its domed end spaced from the other end wall 
of the cylinder. The pressure within the cylinder 
and the conduit depends upon the strength of the 
spring, the area of the piston and the pressure in 
the conduit is controlled at a predetermined value. 
Where the injection pressure is extremely high the 
stroke of the piston would have to be increased to 
achieve the same residual pressure and as pre- 
viously described, this can pose problems in the 
design of the valve. For example whilst it is possi- 
ble to increase the stroke of the piston this does 
necessitate a larger volume for the cylinder and it 
also increases the stress in the spring 18. More- 
over, when the valve member in the injection noz- 
zle closes pressure pulses will be transmitted along 
the conduit 13 towards the cylinder and they may 
be of sufficient magnitude to cause the piston to 
move downwardly against the action of the spring, 
such further movement substantially increasing the 
stress in the spring. 

In order to avoid such additional movement, 
the valve element is provided with a plurality of 
ports 21 which during the movement of the piston 
against the action of the spring are uncovered to a 
groove 22 formed in the periphery of the piston 



and communicating by way of a central drilling 23, 
with the port 16. The arrangement is such that 
during the relative movement of the valve element 
and piston against the action of the spring, the 

5 groove 22 will move into register with the ports 21 
to place the conduit 13 in communication with the 
port 16 by way of the drilling 23 as shown in Figure 
2. The fuel returned from the conduit can therefore 
flow directly to the pumping chamber of the injec- 

70 tion pump and when the pressure in the conduit 
has fallen by a sufficient amount, the piston will 
move upwardly under the action of the spring to an 
equilibrium position in which the ports 21 are just 
closed by the piston. Excessive movement of the 

75 piston is therefore prevented with a consequent 
reduction in the stress applied to the spring 18 and 
without the need to increase the stroke of the 
piston. 

In the arrangement shown in Figures 3 and 4 

20 identical reference numbers are used wherever 
possible to those of Figures 1 and 2. The main 
difference between the two constructions is that the 
piston 19 is provided with a separate spring 24 to 
bias it away from the end wall of the cylinder 14 

25 from which extends the port 16. As a result the 
piston 19 is separate from a spring abutment 25 for 
the spring 18. The abutment 25 is engaged by the 
piston as shown in Figure 3 to determine the extent 
of movement of the piston. As in the example of 

30 Figures 1 and 2 the piston is provided with a 
circumferential groove 22 which communicates with 
the port 16 by way of a central drilling 23. The 
mode of operation is exactly the same as pre- 
viously described. This example has the advantage 

35 that the effective mass of the piston is reduced by 
the fact that it is not coupled to the abutment. 
Moreover, although two springs are employed in 
the design it is possible to choose springs appro- 
priate to the delivery valve function and the un- 

40 loading function. 

Claims 

1. A residual pressure control valve for incor- 
45 poration in the high pressure fuel conduit ex- 

tending between the pumping chamber of a 
high pressure fuel injection pump (11) and a 
fuel injection nozzle (12) the latter incorporat- 
ing a spring loaded fuel pressure actuated 
50 valve member, the control valve comprising a 

cylinder (14) having one end wall defining a 
seating surface (15) about a port (16) con- 
nected to the pump (11), an outlet from said 
cylinder connected in use to said nozzle (12), 
55 an annular valve element (17) movable in the 

cylinder, a spring (18) biasing the valve ele- 
ment (17) into contact with the seating surface 
(15), a piston (19, 23) slidable in a bore de- 



3 



5 



EP 0 325 858 B1 



6 



fined in the valve element, said piston being 
resiliently biased away from said one end wall 
of the cylinder, the end of the piston remote 
from the one end wall being exposed to the 
pressure in the outlet from said cylinder, valve 
means (21 , 22) defined by said valve element 
(17) and said piston (19, 23) said valve means 
being operable to connect said port (16) with 
said outlet after a predetermined movement of 
the piston (19) relative to the valve element 
(17) against the action of its resilient loading 
and a stop to limit the movement of the piston 
(19, 23) under the action of its resilient loading 
characterised in that said stop is defined by 
the end wall of the cylinder opposite to said 
one end wall or by a part (25) located against 
said end wall, and said piston (19, 23) is in- 
dependently movable with respect to said 
valve element (17) to control the residual pres- 
sure in said outlet following closure of the 
valve element (17) onto the seating surface 

(16) . 

2. A control valve according to Claim 1 charac- 
terised in that said valve means comprises a 
groove (22) on said piston (23), passage 
means (23) connecting said groove with said 
port (16) and a port (21) in said valve element 

(17) . 

3. A control valve according to Claim 2 charac- 
terised in that said piston (23) is provided with 
a head (20) and said spring (18) is located 
between said head (20) and the valve element 
(17). 

4. A control valve according to Claim 2 charac- 
terised by a spring (24) interposed between 
said piston (19) and said one end wall of the 
cylinder. 

Patentanspriiche 

1. Restdrucksteuerventil zum Einsetzen in die 
sich zwischen der Pumpenkammer einer Hoch- 
druckkraftstoffeinspritzpumpe (11) und einer 
Kraftstoffeinspritzduse (12) erstreckenden 
Hochdruckkraftstoffleitung, wobei die Duse ein 
federgespanntes, kraftstoffdruckbetriebenes 
Ventilteil enthalt, mit einem Zylinder (14) mit 
einer Endwand, die eine Sitzoberflache (15) 
urn eine mit der Pumpe (11) verbundene Off- 
nung (16) definiert, einem bei der Benutzung 
mit der Duse (12) verbundenen Ausla/3 von 
dem Zylinder, einem in dem Zylinder beweg- 
baren, ringformigen Ventilelement (17), einer 
das Ventilelement (17) in Kontakt mit der Sitz- 
oberflache (15) vorspannenden Feder (18), ei- 



nem verschiebbar in einer in dem Ventilele- 
ment abgegrenzten Bohrung vorgesehenen 
Kolben (19, 23), wobei der Kolben federnd von 
der einen Endwand des Zylinders weg vorge- 

5 spannt ist und das von der einen Endwand 

entfernte Ende des Kolbens dem Druck in dem 
Ausla/3 von dem Zylinder ausgesetzt ist, einer 
durch das Ventilelement (17) und durch den 
Kolben (19, 23) definierten Ventilvorrichtung 

w (21, 22), wobei die Ventilvorrichtung zum Ver- 

binden der Offnung (16) mit dem Ausla/3 nach 
einer vorbestimmten Bewegung des Kolbens 
(19) relativ zu dem Ventilteil (17) gegen die 
Wirkung ihrer federnden Vorspannung und ei- 

15 nen Anschlag zum Begrenzen der Bewegung 

des Kolbens (19, 23) unter der Wirkung seiner 
federnden Vorspannung betreibbar ist, 
dadurch gekennzeichnet, da/3 der Anschlag 
durch die Endwand des Zylinders gegenuber 

20 der einen Endwand oder durch ein Teil (25), 

das gegen die Endwand angeordnet ist, defi- 
niert ist und da/3 der Kolben (19, 23) unabhan- 
gig bewegbar ist in Bezug auf das Ventilele- 
ment (17) zum Steuern des Restdruckes in 

25 dem Ausla/3 auf das Schlie/ten hin des Ventil- 

elementes (17) auf die Sitzoberflache (16). 

2. Steuerventil nach Anspruch 1 , 

dadurch gekennzeichnet, da/3 die Ventilvorrich- 
30 tung eine Rille (22) auf dem Kolben (23), eine 

Durchgangsvorrichtung (23), die die Rille mit 
der Offnung (16) verbindet und eine Offnung 
(21) in dem Ventilelement (17) aufweist. 

35 3. Steuerventil nach Anspruch 2, 

dadurch gekennzeichnet, da/3 der Kolben (23) 
mit einem Kopf (20) versehen ist und da/3 die 
Feder (18) zwischen dem Kopf (20) und dem 
Ventilelement (17) angeordnet ist. 

40 

4. Steuerventil nach Anspruch 2, 

gekennzeichnet durch eine zwischen dem Kol- 
ben (19) und der einen Endwand des Zylinders 
vorgesehenen Feder (24). 

45 

Revendications 

1. Soupape de reglage de pression residuelle 
pour incorporation dans le conduit de carbu- 

50 rant sous haute pression s'etendant entre la 

chambre de pompage d'une pompe d'injection 
de carburant sous haute pression (11) et un 
injecteur de carburant (12), ce dernier englo- 
bant un organe de soupape sollicite par un 

55 ressort et entratne par la pression exercee par 

le carburant, la soupape de reglage compre- 
nant un cylindre (14) muni d'une premiere 
paroi terminate definissant une surface de sie- 
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ge (15) autour d'un orifice (16) relie a la pom- 
pe (11), une sortie dudit cylindre reliee lors de 
la mise en service audit injecteur (12), un 
element de soupape annulaire (17) mobile 
dans le cylindre, un ressort (18) procurant a un 5 
element de soupape (17) une precontrainte 
pour qu'il vienne se mettre en contact avec la 
surface de siege (15), un piston (19, 23) apte a 
coulisser dans un alesage defini dans i'ele- 
ment de soupape, ledit piston etant mis en etat 10 
de precontrainte de maniere resiliente a I'ecart 
de ladite premiere paroi terminale du cylindre, 
Textremite du piston eioignee de la premiere 
paroi terminale etant exposee a la pression 
regnant dans la sortie dudit cylindre, des 75 
moyens de soupape (21, 22) definis par ledit 
element de soupape (17) et ledit piston (19, 
23), lesdits moyens de soupape etant aptes a 
etre mis en service pour relier ledit orifice (16) 
a ladite sortie apres un mouvement predeter- 20 
mine du piston (19) par rapport a Telement de 
soupape (17) a Tencontre de Taction de sa 
sollicitation resiliente, ainsi qu'un arret destine 
a limiter le mouvement du piston (19, 23) sous 
Taction de sa sollicitation resiliente, caracterise 25 
en ce que ledit arret est defini par la paroi 
terminale du cylindre opposee a ladite premie- 
re paroi terminale ou bien par un element (25) 
dispose contre ladite paroi terminale, et ledit 
piston (19, 23) est mobile, de maniere inde- 30 
pendante, par rapport audit element de soupa- 
pe (17) pour regler la pression residuelle re- 
gnant dans ladite sortie apres la fermeture de 
Telement de soupape (17) qui vient se dispo- 
ser contre la surface de siege (16). 35 

2. Soupape de reglage selon la revendication 1, 
caracterise en ce que ledit moyen de soupape 
comprend une rainure (22) sur ledit piston 
(23), un moyen de passage (23) reliant ladite 40 
rainure audit orifice (16), ainsi qu'un orifice (21) 
pratique dans ledit element de soupape (17). 

3. Soupape de reglage selon la revendication 2, 
caracterise en ce que ledit piston (23) est 45 
equipe d'une tete (20) et ledit ressort (18) est 
dispose entre ladite tete (20) et Telement de 
soupape (17). 

4. Soupape de reglage selon la revendication 2, 50 
caracterise par un ressort (24) intercale entre 
ledit piston (19) et ladite premiere paroi termi- 
nale du cylindre. 
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